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INTRODUCTION 


Significant  quantities  of  waste  oils  are  routinely  generated  at  all 
Naval  shore  facilities;  the  types  and  quantities  generated  depend  on  the 
particular  activities  engaged  in  each  facility.  These  oils  may  be 
classified  in  four  broad  groups:  used  lubricating  oils,  contaminated 
distillates,  ship  waste  oils,  and  low  flash  fuels  and  solvents.  In  the 
past,  these  materials  were  disposed  of  in  several  ways  (e.g. ,  by  dumping, 
for  dust  control,  for  fire  fighter  training,  by  hauling  away  by  contractor 
at  a  cost).  These  methods  vary  from  little  use  to  counterproductive. 
Because  of  the  increasingly  tighter  environmental  regulations,  dumping 
and  dust  control  are  no  longer  allowed.  Since  these  materials  are 
combustible  and  have  practically  the  same  energy  content  or  heating 
value  as  regular  fuel  oils  of  comparable  densities,  their  substitution 
as  boiler  fuels  is  an  attractive  alternative  disposal  method.  The 
advantages  of  this  method  are:  (1)  elimination  of  the  costs  and  work 
involved  in  disposal  and  (2)  reduction  of  Navy  fuel  requirements  by 
utilizing  the  available  energy  -  thereby  conserving  energy  resources. 

The  objective  of  this  study  was  to  develop  guidelines  for  burning 
Navy-generated  waste  oils  in  the  low  pressure  boilers  typically  used  at 
shore  facilities.  The  ultimate  goal  is  to  burn  all  the  waste  oils  at 
the  source  of  generation  where  economical.  To  determine  the  possible 
savings,  estimates  of  waste  oil  generation  by  the  Navy  must  be  made 
first.  Then  laboratory  and  boiler  firing  tests  will  be  conducted  to 
determine  the  techniques  and  operational  limits  in  waste  oil  boiler 
firing.  Guidelines  for  implementing  waste  oil  burning  in  Navy  boilers 
will  be  developed  as  the  final  output. 

As  a  part  of  the  overall  effort,  this  document  describes  the  results 
of  a  feasibility  study  of  utilizing  the  Navy  generated  waste  oils  in 
boilers . 


LITERATURE  ON  WASTE  OIL  UTILIZATION 

Studies  on  waste  oil  burning  have  appeared  in  the  literature  only 
during  the  past  decade,  and  the  work  reported  has  been  primarily  con¬ 
cerned  with  firing  of  used  lubricating  oils.  Examples  are  Reference  l's 
discussion  of  fuel  for  a  municipal  incinerator  and  Reference  2's  on 
cement  kiln.  Mostly,  the  studies  described  firing  of  blends  in  different 
proportions  with  regular  fuel  oils  as  boiler  fuels.  Because  of  the 
Navy's  interest,  only  the  results  of  boiler  firing  are  discussed  here. 

The  earliest  work  on  boiler  firing  of  used  lubricating  oils  is 
probably  that  reported  in  Reference  3.  The  observations  of  participating 
oil  companies  (Humble,  Shell,  American,  Gulf,  Mobil)  are  summarized,  and 
recommendations  are  made  in  this  report.  Generally,  used  lubricating 
oils,  either  straight  or  in  blends  with  regular  fuel  oils  of  different 
proportions,  can  be  satisfactorily  fired  in  boilers,  but  the  maintenance 
requirements  are  higher  for  blends  with  the  higher  concentration  of  used 
lubricating  oil.  Problems  that  may  be  expected  include:  fine  lint 
buildup  in  barrels  and  nozzles,  which  are  hard  to  clean;  substantial  ash 
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buildup  in  the  fire  box,  deposits  on  boiler  tubes,  and  flyash,  which  are 
attributable  to  the  additives  in  the  oils;  rise  in  flue  gas  temperature 
due  to  deposit  buildup  on  heat  transfer  surfaces.  In  a  test  when  a 
blend  of  25%  used  lubricating  oil  (containing  1.12%  lead)  and  no.  2  fuel 
oil  was  fired  at  3  to  4  gph,  up  to  28%  of  the  lead  came  out  of  the 
stack.  In  another  test,  when  a  blend  of  5%  used  lubricating  oil  (con¬ 
taining  1%  lead)  and  no.  6  fuel  oil  was  fired  at  147  gph,  up  to  50%  of 
the  lead  came  out  of  the  stack.  In  general,  the  ground  level  lead 
concentrations  estimated  were  all  within  safety  limits.  To  minimize 
maintenance,  it  was  recommended  for  boiler  firing  that  less  than  25%  of 
the  blend  be  used  lubricating  oils. 

During  the  period  1968-1972,  the  Army  burned  approximately  40,000 
gallons  of  used  lubricating  oils  each  year  in  a  boiler  plant  (60  MB/hr, 
water  tube  boiler  with  steam  atomization  burner)  at  Aberdeen  Proving 
Ground  (Ref  4).  This  oil  was  introduced  into  the  fuel  system  by  simply 
dumping  it  into  the  no.  6  fuel  oil  tank  at  a  proportion  of  1:3  (or  25% 
used  lube  oil  in  the  mixture).  Since  no  deliberate  blending  or  mixing 
was  attempted,  the  exact  concentration  of  the  blend  could  vary  consider¬ 
ably.  No  difficulty  was  encountered,  however.  In  1972,  when  low  sulfur 
oil  had  to  be  used  in  order  to  limit  the  SO^  emissions,  two  series  of 
short-term  tests  were  conducted  burning  no.  2  and  used  lube  oil  blends 
using  a  rotary  cup  burner  in  a  5.4  MB/hr  fire  tube  boiler  (Ref  5).  No 
stack  emission  problem  was  encountered  for  blends  that  contained  up  to 
27%  used  oil. 

A  more  systematic  test  series  was  conducted  by  the  Air  Force  (Ref  6). 
Waste  oils  containing  aviation  piston  engine  oils,  synthetic  turbine 
lubricant,  hydraulic  fluid,  Stoddard  solvent,  and  other  fuels  were  mixed 
with  no.  2  and  no.  6  fuel  oils  at  concentrations  of  0,  0.1,  1,  and  10%. 

Then  each  of  these  blends  was  fired  for  30  minutes  to  determine  the 
firing  characteristics.  No  difficulty  was  encountered,  and  no  ill 
effects  (e.g.,  emissions,  corrosions,  degradation  of  boiler  systems) 
were  observed.  A  series  of  2-  to  3-hour  tests  were  then  conducted  at  5% 
concentration.  Satisfactory  firing  was  achieved,  and  no  increase  in 
particulate  emisssions  were  measured.  As  a  result,  long-term  in-service 
boiler  tests  were  recommended.  Tests  of  this  nature  were  conducted  at 
three  Air  Force  bases  (Ref  7).  Up  to  26%  used  lube  oil  in  no.  2  oil,  6% 
JP-4  in  no.  5  oil,  16%  JP-4  in  no.  2  oil,  4%  and  11%  of  50/50  JP-4/used 
lube  oil,  respectively,  in  no.  2  and  no.  5  oils  were  tested.  Results 
showed  that  relatively  clean-burning  fuel  (e.g.,  JP-4)  mixed  in  relatively 
dirty  fuel  (e.g.,  no.  6)  would  not  adversely  affect  the  emissions  allowed 
by  the  regulations.  But  relatively  dirty  fuel  (e.g.,  used  lube  oil) 
mixed  in  clean  fuels  will  significantly  increase  the  particulate  emissions 
although  the  emissions  are  still  below  standards  described  by  the  regula¬ 
tions.  In  all,  the  combustion  performance  was  either  the  same  or  improved. 

The  Navy  recognizes  the  large  quantities  of  waste  oils  it  produces 
and  the  potential  of  using  them  as  supplemental  boiler  fuels.  A  guide¬ 
line  was  therefore  developed  for  handling  and  burning  oily  wastes  (Ref  8). 
In  this  guideline,  direct  blending  of  petroleum  base  waste  oils  (halogen 
free,  water  and  sediment  <2%,  sediment  <0.5%  by  volume)  into  clean  fuel 
oils  is  discussed,  but  no  specific  information  on  the  allowable  waste 
oil  concentrations  is  given.  The  procedure  for  handling  waste  oils 
consists  of  first  storing  the  oil  in  a  holding  tank  to  allow  gravitational 
separation  of  water  and  solid  materials.  The  "cleaned"  oil  may  be 
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blended  directly  into  the  fuel  tank  or  introduced  into  the  fuel  line  by 
an  in-line  system  using  two  tanks  for  handling  waste  oils.  The  latter 
is  recommended  and  is  illustrated  schematically  in  Reference  9. 

Disposal  of  used  lubricating  oils  has  been  studied  also  by  western 
European  countries  (Ref  10).  For  economic  reasons,  the  use  of  used 
lubricating  oils  as  fuels  has  been  recommended  in  order  to  recover  the 
heat  value  and  to  minimize  disposal  costs. 

Scattered,  fragmented  information  on  waste  oil  boiler  firing  may  be 
found,  but  it  is  also  limited  to  data  on  the  blending  of  low  concentra¬ 
tions  of  used  lubricating  oil  with  regular  fuel  oils.  Low  concentration 
blending  is  sometimes  impractical  because  of  the  high  waste  oil  generation 
rates  relative  to  the  low  energy  requirements  at  certain  locations.  In 
view  of  this  and  the  wide  range  of  waste  oils  produced  by  Naval  shore 
facilities,  a  more  thorough  study  of  the  problem  is  in  order  for  full 
utilization  of  the  locally  generated  waste  oils  by  the  Navy. 

To  make  such  a  study  economically  attractive,  an  estimate  of  the 
waste  oils  generated  by  Naval  shore  facilities  is  an  important  basic  step. 


WASTE  OIL  GENERATION  BY  NAVAL  SHORE  FACILITIES 

The  information  on  the  waste  oils  generated  at  Naval  shore  facili¬ 
ties  will  serve  as  the  basis  for  assessing  the  economic  potential  of 
using  these  oils  as  supplementary  boiler  fuels.  Funding  limitations 
make  it  necessary  that  only  an  estimate  based  on  data  from  available 
literature  be  made  here. 

Data  on  Waste  Oil  Generations 


In  1972  ESSO  Research  and  Engineering  Company  under  contract  with 
Naval  Supply  Systems  Command  conducted  studies  on  oily  wastes*  generated 
at  Naval  shore  facilities.  Seven  Navy  areas  were  surveyed  during  this 
contract,  and  the  types,  quantities,  and  characteristics  of  the  Navy 
oily  wastes  were  identified  (Refs  11  through  17).  Based  on  the  results 
of  these  surveys,  the  waste  oil  generations  after  1975  were  then  esti¬ 
mated.  The  results  extracted  from  these  studies  are  summarized  in 
Table  1.  Under  a  similar  contract  with  Naval  Facilities  Engineering 
Command,  Exxon  Research  and  Engineering  Company  (formerly  ESSO)  conducted 
a  series  of  studies  on  oily  wastes  generated  at  17  Navy  bases  (Refs  18 
through  34).  The  results  extracted  from  these  studies  on  prediction  of 
waste  oil  generations  for  1980  are  summarized  in  Table  2. 

The  data  in  Tables  1  and  2  cover  a  wide  range  of  Navy  activities 
and,  therefore,  may  be  considered  representative  of  the  overall  picture 
of  waste  oil  generations  by  Naval  shore  facilities.  These  data  are  used 
as  the  basis  for  estimating  the  Navywide  waste  oil  generations  discussed 
here.  In  order  to  remove  the  dependence  of  the  data  on  the  particular 
locations,  the  data  in  Tables  1  and  2  are  summed  together  in  Table  3. 


*The  oily  wastes  referred  to  here  are  basically  water  which  is 
contaminated  by  oils.  Waste  oils  are  actually  mixtures  of  oils 
and  other  combustible  liquids  which  contain  very  litte  water. 
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The  overall  results  from  References  11  through  34  may  be  summarized  as 
follows : 

1.  The  waste  oils  generated  by  Naval  shore  facilities  are 
predominantly  those  recovered  from  bilge  and  ballast  water 
of  ships.  This  oil  is  primarily  the  fuel  oil  used  by  a 
particular  ship  and,  in  general,  resembles  light  fuel  oils 
(e.g.,  diesel  fuel  marine  or  DFM)  except  that  it  is  contam¬ 
inated  by  the  other  oily  materials  present  on  board  the 
ship.  These  types  of  oils  are  usually  very  dark  in  color. 

2.  Used  lubricating  oils  and  similar  materials  discarded  by 
transport  and  ships  rank  the  next  highest  in  quantity. 

This  material  resembles  heavy  fuel  oils. 

3.  High  flash  fuels  rank  third  in  quantities  generated.  This 
material  consists  primarily  of  contaminated  fuels  (e.g. , 

JP-5,  diesel  fuels,  kerosene)  and  is  a  light  fuel. 

4.  Solvents  and  low  flash  fuels  are  produced  in  the  least 
quantities.  Solvents  sometimes  contain  halogenated  com¬ 
pounds,  which  also  may  have  low  flash  points.  Low  flash 
fuels  require  special  attention  to  fire  in  a  boiler.  Both 
the  solvents  and  the  low  flash  fuels  are  considered  hazard¬ 
ous  to  fire  in  boiler  and  therefore  are  undesirable  as 
boiler  fuels. 

When  one  considers  the  waste  oils  as  boiler  fuel,  the  data  in 
Table  3  may  be  further  simplified  by  regrouping  the  types  into  three 
categories  as  follows: 

1.  Light  waste  oils:  Oils  recovered  from  bilge  and  ballast 
waters  and  high-flash-point  contaminated  fuels,  represent¬ 
ing  approximately  87%  of  the  total  waste  oils  generated. 

2.  Heavy  waste  oils:  Oils  from  transport  and  shops,  tank 
cleanings,  and  turbine  drainings,  representing  approximately 
9%  of  the  total  waste  oils  generated. 

3.  Others :  Low  flash  point  contaminated  fuels  and  used  sol¬ 
vents,  representing  the  balance,  or  approximately  4%,  of 
the  total  waste  oils  generated. 

Categories  1  and  2  above  are  considered  safe  and  suitable  for 
boiler  fuels.  Category  3,  because  of  the  nature  of  the  materials  is 
considered  undesirable  as  boiler  fuels.*  Thus,  of  all  the  waste  oils 
the  Navy  generates,  more  than  96%  of  them  may  be  regarded  as  potential 
boiler  fuels. 


*Recycling  used  solvents  and  using  low  flash  fuels  for  fire-fighter 
training  offer  a  productive  means  of  disposing  of  these  materials. 
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Fuel  Consumption  by  Navy  Shore  Facilities 

Fuel  oils  are  the  first  substitutes  for  natural  gas  and  liquefied 
petroleum  gases  during  shortages.  Waste  oils  are  considered  suitable 
substitutes  or  supplements  to  all  these  fuels  in  such  a  situation.  In 
this  sense  and  with  the  intent  to  contrast  the  significance  of  the  waste 
oil  data  presented  earlier,  data  on  the  consumption  of  natural  gas, 
liquefied  petroleum  gases,  and  fuel  oils  (GLO)  for  FY-77  were  extracted 
from  DEIS-I1  (Defense  Energy  Information  Service  -  Navy)  files  for  the 
activities  listed  in  Tables  1  and  2.  The  results  are  given  in  Table  4. 

In  the  last  column  of  Table  4,  the  ratios  "Waste  oil  generation/GLO” 
represent  the  percentages  of  GLO  requirements  at  each  activity  that  may 
be  substituted  by  the  waste  oils  generated  at  that  activity.  The  large 
scatter  of  the  numbers  in  this  column  reflects  the  greater  use  of  other 
forms  of  energy  (electricity,  coal,  purchased  steam)  than  GLO  at  some 
activities.  For  example,  in  the  Canal  Zone,  GLO  is  not  used  at  all  for 
energy  but  waste  oils  are  generated  because  of  the  activities  involved. 

In  this  case,  burning  waste  oil  at  other  locations  must  be  considered. 
Overall,  the  last  row  of  Table  4  shows  that  these  activities  may  substi¬ 
tute  the  waste  oils  they  generate  for  about  13%  of  their  GLO  requirements. 
This  figure  is  sizeable,  and  the  potential  for  waste  oil  utilization 
must  not  be  ignored. 

An  Estimate 


The  total  energy  used  by  all  Naval  shore  facilities  during  FY-77  is 
summarized  in  Table  5.  The  GLO  usage  (sum  of  the  first  three  rows)  is 
73,592,936  MBtu,  which  represents  46%  of  the  total  energy  used  and  43% 
of  the  total  fuel  bills  paid.  Comparing  this  figure  with  the  GLO  total 
in  Table  4  (28,206,588  MBtu),  it  can  be  inferred  that  on  the  basis  of 
GLO  consumptions  38%  of  the  Naval  shore  facilities  have  been  surveyed 
for  waste  oil  generations  (see  Table  6).  This  means  that,  on  the  average, 
more  than  one-third  of  the  Naval  shore  facilities  generate  waste  oils 
which  are  about  13%  (Table  4)  of  their  local  GLO  requirements. 

The  waste  oil  generation  data  presented  here  appear  to  be  the  only 
information  available.  These  data  and  the  Navywide  GLO  consumptions 
will  be  used  to  establish  the  upper  and  lower  limits  of  Navywide  waste 
oil  generations.  The  lower  limit  is  obtained  by  assuming  that  all  the 
waste  oils  generated  by  the  Navy  are  from  only  the  facilities  listed  in 
Tables  1  and  2.  The  upper  limit  is  obtained  by  assuming  that  all  the 
Navy  shore  facilities  generate  waste  oils  at  the  same  average  rate 
(12.8%)  of  local  GLO  consumptions  as  the  facilities  listed  in  Tables  1 
and  2  do.  The  results  of  these  calculations  and  the  estimated  worth  of 
these  oils  are  presented  in  Table  6.  Clearly,  if  the  Navy  fully  utilizes 
their  waste  oils,  between  $8.7M/yr  and  $22.7M/yr  savings  can  be  realized. 


A  CASE  STUDY 

The  question  asked  in  this  study  is:  How  can  waste  oils  be  gain¬ 
fully  utilized?  The  following  is  an  example  which  proposes  burning  the 
waste  oils  generated  at  one  location  in  the  boilers  at  a  nearby  Navy 
facility.  Specifically,  the  waste  oils  generated  at  San  Diego  Naval 
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Station  (SDNS)  are  considered  as  fuels  for  tiie  boilers  at  Miramar  Naval 
Air  Station  (MNAS).  Since  realistic  figures  from  records  are  used,  the 
economic  advantages  are  readily  demonstrated  in  this  example. 

Large  quantities  of  waste  oils,  similar  in  consistency  to  diesel 
fuels,  are  generated  from  ship-related  operations  at  SDNS.  They  are 
usually  dark  in  color  and  contain  less  than  2%  water  and  sediments. 

Some  data  on  the  waste  oils  generated  were  obtained  from  Oil  Recovery 
Operations  Division,  SDNS.  The  figures  for  FY-77  and  FY-78  are  tabulated 
in  Table  7.  These  data  show  a  significant  increase  in  the  annual  waste 
oil  generat ions  at  the  station.  These  waste  oils  have  been  sold  to 
outside  contractors  through  the  Defense  Property  Disposal  Office  for 
22.2C/gal  (or  $1. 63/MB)  for  FY-77  and  25.3C/gal  (or  $1. 864/MB)  for 
FY-78.  On  the  other  hand  $3. 05/MB  was  paid  by  MNAS  for  diesel  fuel  no. 

2  (DF2)  during  FY-77.  Selling  the  waste  oils  to  contractors  results  in 
losses  to  the  Navy. 

MNAS,  approximately  15  miles  from  SDNS,  has  a  year-round  demand  for 
low  pressure  steam.  Both  interruptible  natural  gas  and  light  grade  fuel 
oils  are  used  as  the  primary  fuels  for  the  steam  boilers.  The  total 
energy  (all  fuels)  consumed  at  MNAS  for  boilers  in  million  Btu's  and  the 
waste  oils  generated  at  SDNS  are  compared  in  Table  8.  The  figures  show 
that  the  waste  oils  generated  at  SDNS  could  approximately  meet  the 
energy  requirements  of  MNAS.  Since  exact  matching  is  not  possible,  any 
deficiency  in  waste  oil  for  MNAS  could  be  easily  made  up  by  use  of 
interruptible  natural  gas.  During  FY-78,  MNAS  used  some  contaminated 
JP-5  as  the  boiler  fuel  at  no  cost.  Because  of  this  and  price  adjust¬ 
ments  on  natural  gas  and  DF2,  the  total  fuel  bills  paid  during  FY-78 
were  lower  than  FY-77  even  though  the  amount  of  energy  used  was  higher. 

An  economic  analysis  is  also  presented  in  Table  8.  To  avoid  unnec¬ 
essary  confusion,  the  net  saving  to  the  Navy  for  FY-78  is  not  presented. 
However,  the  results  of  this  analysis  show  clearly  the  economic  advantage 
in  utilizing  the  Navy-generated  waste  oils  rather  than  selling  them  to 
contractors . 


WASTE  OIL  LABORATORY  TESTS 

As  described  earlier,  results  of  boiler  tests  on  waste  oils  in  the 
literature  are  fragmental  in  nature.  To  determine  the  feasibility  of 
utilizing  the  Navy's  waste  oils,  systematic  tests  must  be  conducted  for 
a  range  of  blends  of  typical  Navy  waste  oils  and  conventional  fuel  oils. 
Items  of  interest  consist  of  combustion  performance,  burner  modification 
requirements,  stack  emission  characteristics,  effects  on  boiler  heat 
transfer  surfaces,  and  handling  and  storage  requirements.  To  achieve 
these,  laboratory  tests  were  conducted  in  two  steps:  (1)  systematic 
boiler  testing  of  waste  oil/clean  fuel  oil  blends  of  a  range  of  concen¬ 
trations  by  contract,  and  (2)  boiler  testing  of  selected  waste  oils  at 
CEL.  Only  short-term  tests  of  batches  of  prepared  waste  oils  and  their 
blends  were  conducted  for  this  study.  The  details  in  fuel  handling  and 
long  term  effects  will  be  investigated  later,  depending  on  the  findings 
of  the  present  work. 


Tests  Conducted  by  Cent ra c t 

The  Navy's  waste  oils  consist  ot  two  basic  t  y  ( > « *  s  :  light  ami  heavy. 

The  fuel  oils  use<  by  Navy  shore  facilities  range  between  no.  2  and  no. 

6  commercial  grad.*,  conventional  fuel  oils  (light  and  heavy,  respectively!. 
Thus,  a  total  of  six  ways  are  possible  for  firing  tin*  waste  oils  with 
conventional  fuel  oils:  two  in  burning  straight  waste  oils,  and  four  in 
burning  blends  of  light  and  heavy  waste  oils  in  light  and  heavy  conven¬ 
tional  fuel  oils.  On  this  basis,  a  matrix  of  26  waste  oil/fuel  oil 
blends  was  developed  for  boiler  tests.  This  work  was  conducted  by  KVB, 
Inc.,  a  CEL  contractor.  Pertinent  details  are  described  below. 

Test  Facility.  The  facility  used  for  the  tests  was  an  80-hp  Scotch 
dry-back  type,  firetube  boiler  using  a  steam  atomizing  burner  (a  Delavan 
nozzle).  Fuel  blends  were  prepared  in  55-gallon  batches  and  delivered 
to  the  burner  by  a  positive  displacement  pump.  The  overall  arrangement 
of  the  fuel  system  is  shown  in  Figure  1. 

The  primary  measurements  made  for  the  tests  described  here  are 
continuous  monitoring  of  stack  gas  emissions.  Approximately  equal 
amounts  of  flue  gas  samples  weie  withdrawn  from  three  sampling  points 
just  upstream  of  the  draft  damper  where  the  gas  temperature  was  approxi¬ 
mately  500°F.  These  samples  were  blended  into  a  single  stream  which  was 
filtered  and  then  dried  by  a  refrigerator.  The  following  measurements 
were  made  using  the  instruments  indicated: 

NO:  Thermo  Electron  Corp.  chemiluminescent  nitric  oxide 
analyzer 

CO:  Beckman  Model  315-B  nondispersi ve  infrared  analyzer 

0 2=  Beckman  Model  742  oxygen  electrolytic  analyzer 
CO^:  Horiba  Model  AIA-2  nondispersive  infrared  analyzer 

Smoke:  Bacharach  smoke  spot  tester 

Sulfur  dioxide  (SO2)  was  not  measured  because  the  sulfur  content  in  fuel 
oils  is  usually  regulated  by  local  authorities,  and  S0„  emissions  are 
not  strongly  dependent  on  the  combustion  process.  That  is,  S0„  emissions 
can  be  determined  reasonably  well  from  the  sulfur  content  of  tne  fuel 
oil.  In  contrast,  nitric  oxide  is  strongly  dependent  on  both  the  combus¬ 
tion  process  and  the  nitrogen  content  of  the  fuel. 

Oils  Tested.  The  oils  used  for  the  tests  consisted  of  randomly 
selected  single  shipments  (not  necessarily  typical)  of: 

•  Waste  Oils: 

-  Used  lube  oil*  from  diesel  service  shop  (heavy) 

-  Ship's  waste  oil  (light) 

-  Contaminated  JP-5  (Navy  aircraft  fuel,  also  light) 

*DOD  Directive  4165.60  is  scheduled  for  revision  to  incorporate  formal 
policy  on  used  lubricating  oil  disposal  methods.  The  current  DOD  guid¬ 
ance  consists  of  two  steps:  (1)  examine  the  feasibility  of  re-refining 
in  order  to  conserve  natural  resources,  and  (2)  if  re-refining  is  not 
economical,  use  it  as  boiler  fuel  in  order  to  recover  the  energy  content. 
The  old  methods,  such  as  dust  control,  are  not  allowed. 
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•  Flit1 2 * *!  Oils: 

-  No.  2  (light) 

-  No.  6  (heavy) 

The  properties  of  these  oils  were  analyzed  and  are  given  in  Table  9. 
Note  that  these  oils  have  similar  properties  except  that: 

(1)  Contaminated  JP-5  has  a  large  amount  of  water 

(2)  Used  lube  oil  contains  large  amounts  of  trace  elements, 
which  are  believed  to  be  due  to  the  additives  contained 
in  the  clean  lube  oils. 

These  oils  were  blended  at  various  concentrations  to  obtain  a  matrix  of 
24  blends  as  shown  in  Table  10.  inasmuch  as  all  fuel  oils  are  actually 
mixtures  of  various  hydrocarbons,  test  results  from  this  matrix  of  oil 
blends  should  provide  adequate  coverage  to  determine  the  effects  of  the 
waste  oils. 

Test  Procedure.  Oil  blends  were  first  prepared  in  batches  in  the 
mixing  tank  (Figure  1).  When  no.  6  oil  blends  were  prepared,  they  were 
heated  by  the  drum  heater  to  facilitate  pumping.  The  burner  was  fired 
with  the  blend,  and  the  boiler  was  allowed  to  warm  up  for  15  to  30 
minutes.  During  this  warmup  period,  observations  were  made  of  flame 
stability,  combustion  rumble,  and  the  operational  requirements  jf  the 
system. 

Following  the  warmup  period,  the  burner  was  trimmed  to  the  test 
load,  approximately  3.2xi06  Btu/hr,  and  a  series  of  tests  was  performed 
by  systematical ly  varying  the  excess  oxygen  dry  volume  fraction  in  the 
flue  gas  from  1%  to  8%.  A  complete  set  of  data  was  collected  at  each 
excess  oxygen  setting,  including:  NO,  CO,  CO^ ,  smoke  spot  number,  flue 
gas  temperature,  and  fuel  flow  rate.  Visual  observations  of  the  flame 
shape  and  stability,  photographs  of  the  flame,  and  flue  gas  characteris¬ 
tics  were  also  included. 

Upon  completion  of  this  series  of  tests,  the  excess  oxygen  was  set 
at  approximately  3.5%,  and  the  blend  was  burned  for  a  period  of  about  2 
hours.  A  set  of  data  was  taken  every  30  minutes  during  this  period. 

Test  Results.  To  evaluate  the  performance  of  firing  waste  oil/fuel 
oil  blends,  the  handling  requirements,  flame  characteristics,  and  stack 
emissions  were  observed  during  the  tests.  For  comparison,  similar  sets 
of  data  (baseline  data)  were  obtained  for  unblended  no.  2  and  no.  6  fuel 
oils.  A  data  summary  of  all  the  tests  (26  in  all)  is  given  in  Table  11. 
The  effects  of  excess  oxygen  on  smoke  and  NO  emissions  are  shown  in 
Figures  2  and  3. 

Based  on  observations  and  test  results  obtained,  the  following 
conclusions  may  be  drawn: 


1.  No  apparent  problems  were  encountered  in  fuel  miscibility 
or  pumping  and  firing  any  of  the  fuel  blends. 

2.  Fairly  clean  firing  was  achieved  with  all  blends.  This 

included  relatively  clean  nozzle  tips,  stack  gases,  and 

boiler  gas-side  heat  transfer  surfaces. 
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3.  The  NO  emissions  were  generally  reduced  in  the  blends  with 
no.  6  oil  and  either  unchanged  or  reduced  with  no.  2  oil. 
This  is  believed  to  be  due  primarily  to  the  relatively  high 
nitrogen  content  in  the  no.  6  fuel  oil.  NO  emissions  were 
generally  lower  with  less  excess  oxygen  or  excess  air  (see 
Figures  2  and  3). 

4.  Grayish  white,  powdery  deposits  were  observed  on  boiler 
surfaces  when  blends  with  used  lubricating  oil  were  fired. 
These  deposits  are  believed  to  be  from  the  additives  con¬ 
tained  in  the  used  lubricating  oils.  Since  they  were 
easily  blown  off  during  normal  firing  of  other  fuel  blends, 
they  do  not  appear  to  pose  any  long-term  boiler  deposit  pro¬ 
blem.  (Because  of  the  color  of  these  deposits,  smoke  spot 
numbers  were  not  reliable  indications  of  smoke  emission 
levels . ) 

5.  The  only  adjustment  required  during  these  tests  was  the 
temperature  of  No.  6  oil /used  lubricating  oil  blends 
because  of  their  relatively  high  viscosities  (see  Table  9). 

6.  Ship's  waste  oil  blends  in  both  no.  2  and  no.  b  c.  i  1  s  tend 
to  produce  unstable  and  abruptly  changing  flame  shapes. 

7.  Stable  combustion  was  not  achieved  by  steam  atomizing  no.  2 
oil/JP-5  blends  (believed  to  be  due  to  rapid  vaporization 
of  JP-5  near  the  gun  due  to  hot  steam).  However,  stable 
combustion  was  achieved  with  a  mechanical  atomizing  nozzle. 

Tests  Conducted  at  CEL 


Three  types  of  tests  were  conducted  at  CEL  to  supplement  the  results 
obtained  by  KVB  described  in  the  previous  section.  They  consist  of 
basic  property  measurements  and  boiler  tests.  These  tests  and  the  data 
obtained  are  described  below. 

Basic  Properties  of  Fuel  Blends.  The  physical  and  chemical  proper¬ 
ties  of  fuel  blends  are  expected  to  be  intermediate  between  those  of 
their  components.  Once  the  properties  of  a  waste  oil  have  been  deter¬ 
mined  to  be  suitable  for  boiler  use,  the  exact  values  of  the  various 
properties  of  its  blends  are  only  of  minor  concern  except  for  the  API 
gravity  (or  simply  gravity)  and  viscosity  which  directly  affect  boiler 
operations.  The  former  is  indicative  of  the  approximate  heating  value 
of  the  blend  (Figure  4,  based  on  Reference  2),  and  the  latter  affects 
the  flow  rate  and  is  therefore  related  to  burner  adjustments.  Both 
gravity  and  viscosity  may  also  be  used  as  indicators  of  the  proportion 
of  waste  oil  in  the  blend.  A  combination  of  18  blends  obtained  from 
eight  kinds  of  oils  was  therefore  prepared  and  measured  for  their  gravi¬ 
ties  and  viscosities,  using  a  hydrometer  and  a  Saybolt  viscosimeter. 

The  results  are  tabulated  in  Table  12. 

The  tabulated  values  of  gravity  and  viscosity  of  these  blends  are 
intermediate  between  those  of  their  components,  but  the  variations  are 
not  linear  with  concentration.  These  variations  exist  because  of  the 
built-in  nonlinearity  in  the  definition  of  gravity  and  the  nonlinear 
behavior  of  viscosity  inherent  with  the  oil.  The  nonlinearity  of  gravity 
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may  be  removed  simply  by  replacing  it  with  specific  gravity  from  which 
it  is  defined.  Specific  gravity  is  as  readily  measurable  a  quantity  as 
the  API  gravity  and  is  physically  meaningful. 

The  nonlinearity  of  viscosity  may  be  remedied  by  using  the  chart  as 
shown  in  Figure  5  (Ref  35).  When  the  viscosities  of  two  oils  are  known, 
the  viscosity  of  their  blend  may  be  estimated  by  drawing  a  straight  line 
between  the  viscosities  and  reading  the  resultant  viscosity  at  the 
intersection  of  this  line  and  the  vertical  line  representing  the  volume 
fractions  of  the  two  oils.  To  illustrate,  the  measured  viscosities  of 
the  blends  of  no.  2  oil  and  used  lubricating  oil  given  in  Table  10  are 
also  plotted  on  Figure  5,  which  shows  that  the  measured  viscosities  of 
the  blends  are  slightly  higher  than  those  predicted  from  the  line.  For 
boiler  operations,  this  accuracy  is  considered  satisfactory.  The  numer¬ 
ical  results  are  compared  below: 


Used  Lube  Oil  Blend  Viscosity,  SUS*  §  100°F 

Fraction 

(%  by  Volume)  Measured  Predicted 


5 

10 

20 

30 


38 

37 

39 

38. 

.6 

43 

42. 

.2 

50 

47. 

.4 

Tests  in  the  CEL  30-hp  Boiler  Facility.  This  facility  is  a  2-pass, 
package  type,  on-off  modulated,  fire  tube  boiler  with  a  mechanical 
atomization  nozzle.  The  overall  arrangement  of  this  facility  is  shown 
schematically  in  Figure  6,  and  a  pictorial  view  is  shown  in  Figure  7.  A 
number  of  waste  oil/no.  2  fuel  oil  blends  were  tested  using  this  facility. 
The  blends  were  prepared  by  recirculating  measured  volumes  of  the  compo¬ 
nents  in  a  55-gallon  drum,  using  a  30  gpm  centrifugal  pump.  Thorough 
mixing  could  be  achieved  in  2  minutes  for  a  10-gallon  batch.  Each  blend 
was  fired  in  the  boiler  immediately  after  it  was  prepared.  Although  no 
effort  was  made  to  determine  the  long-term  stability  of  the  blends, 
separation  or  stratification  was  not  expected. 

For  the  tests  conducted  here,  a  9-gph  nozzle  and  100-psig  atomiza¬ 
tion  pressure  were  used.  During  startup,  the  boiler  was  fired  at  full 
load  with  no.  2  fuel  oil,  and  the  burner  air  was  adjusted  to  achieve  5% 
excess  oxygen  in  the  stack  gas.  No  subsequent  burner  adjustment  was 
made  when  fuel  blends  were  fired.  The  blends  were  tested  in  the  boiler 
for  approximately  1  hour  each  at  full  load.  The  light-off  and  steady 
state  burning  behavior  were  observed.  When  steady-state  conditions  were 
reached,  the  following  measurements  were  made:  stack  gas  excess  oxygen, 
fuel  firing  rate,  and  Bacharach  smoke  spot  number.  The  test  results  are 
summarized  in  Table  13. 


*Saybolt  Universal  Seconds. 


Generally  speaking,  with  the  given  nozzle,  the  fuel  flow  rate 
tended  to  increase  with  the  waste  oil  concentration,  even  though  the 
viscosity  was  increased.  Because  of  the  fixed  setting  for  burner  air 
(corresponding  to  5%  excess  oxygen  when  no.  2  oi 1  is  fired  at  full 
load),  this  increased  fuel  flow  resulted  in  air  deficiencies  at  times; 
consequently,  smoke  was  visible  from  the  stack.  Later,  after  completion 
of  the  tests  in  Table  13,  it  was  found  that  satisfactory,  clean  firing 
could  be  achieved  conveniently  by  readjusting  the  burner  air  flow.  That 
is,  all  the  problems  described  under  remarks  in  Table  13  could  be  resolved 
simply  by  burner  air  adjustment.  Also,  it  was  found  that  if  an  8.5-gph 
nozzle  was  used  in  place  of  the  original  9.0-gph  nozzle,  excess  oxygen 
levels  as  low  as  3%  with  a  Bacharach  smoke  spot  number  of  2  could  be 
attained  when  waste  oil  blends  were  fired.  These  observations  suggest 
that  changing  the  nozzle  size  in  order  to  limit  the  fuel  flow,  and 
adjusting  the  burner  air  intake  may  be  required  for  certain  situations. 

Tests  in  the  CEL  200-hp  Water  Tube  Boiler  Facility.  These  tests 
were  conducted  to  determine  the  maximum  extent  of  the  effects  of  the 
waste  oils  on  combustion.  For  these  tests,  a  variety  of  waste  oils  was 
obtained  and  burned  (without  blending)  in  the  CEL  boiler  test  facility. 
This  facility  is  a  200-hp  (7-MBtu/hr)  water  tube  boiler  with  a  rotary 
cup  burner  originally  designed  to  burn  no.  5  fuel  oil.  The  boiler  was 
actually  a  part  of  the  steam  plant  at  CEL,  but  it  had  not  been  used  for 
many  years.  As  a  matter  of  opportunity,  it  was  reactivated  and  modified 
for  the  sole  purpose  of  testing  boiler  fuels. 

The  original  fuel  supply  system  was  modified  by  adding  four  more 
fuel  tanks  so  that  a  maximum  of  five  different  kinds  of  fuels  could  be 
stored  and  from  which  different  kinds  of  fuel  could  be  supplied  one  at  a 
time  to  the  burner.  The  arrangement  of  this  system  is  shown  schematically 
in  Figure  8.  It  was  possible  to  utilize  the  steam  produced  most  of  the 
time  during  the  tests;  steam  dumping  was  occasionally  necessary  when  an 
excess  amount  was  produced.  A  muffler  was  installed  at  the  steam  vent 
to  reduce  the  noise  level  during  steam  dumping. 

The  stack  gas  was  continuously  monitored  for  0^,  CO,  and  NO  concen¬ 
trations.  A  specially  constructed  instrumentation  package  was  used  for 
this  purpose.  This  package,  the  boiler  front  end,  the  burner,  and  the 
weighing  tank  for  flow  rate  measurements  are  shown  in  Figure  7. 

A  series  of  six  tests  was  conducted  using  the  existing  no.  5  fuel 
oil  and  locally  available  waste  oils.  During  each  of  these  tests,  the 
firing  rate,  oil  temperature,  and  the  burner  air  flow  at  each  firing 
rate  were  varied  to  observe  any  operational  limitations.  These  ranges 
and  the  data  obtained  are  summarized  in  Table  14.  In  all,  a  total  of  48 
boiler  operating  hours  were  logged  and  approximately  1,600  gallons  of 
oil  were  consumed.  During  these  tests,  no  unexpected  difficulties  were 
encountered.  It  is  to  be  noted  that  during  the  last  test  when  contami¬ 
nated  no.  2  fuel  oil  was  burned,  unstable  flame  caused  several  shutdowns. 
This  was  due  to  the  much  lower  viscosity  of  no.  2  oil  compared  to  no.  5 
oil  for  which  the  burner  was  designed.  But  this  result  serves  to  show 
the  wide  range  of  oils  that  can  be  used  by  such  a  burner.  In  reality, 
one  should  pay  attention  to  using  an  oil  with  a  viscosity  not  signifi¬ 
cantly  different  from  that  for  which  the  burner  was  originally  designed. 
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DISCUSSION 


As  shown  in  Figure  4,  the  heating  value  of  an  oil  may  be  estimated 
from  its  specific  gravity,  y  (or  API  gravity).  Specific  gravity  is  also 
a  convenient  means  to  determine  the  concentrations  of  the  components  in 
a  blend ,  as  fo 1  lows : 

Y  =  Y,f,  *  V2f2 


where  y^  and  y^  are,  respectively,  the  specific  gravity  of  components  1 
and  2  having  volume  fractions  (or  concentrations)  f^  and  f ^  .  Since,  by 
definition 


we  have, 


Therefore,  once  y,  y^,  and  y^  are  measured  with  an  ordinary  hydrometer, 
the  amount  of  waste  oil  in  a  blend  may  be  readily  calculated. 

The  viscosity  of  an  oil  affects  the  flow  rate  and,  consequently, 
the  spray  pattern  for  a  given  burner  nozzle.  In  order  to  minimize  any 
burner  modification  that  may  be  required  for  firing  waste  oil  blends, 
the  viscosity  of  a  blend  must  be  maintained  as  close  as  possible  to  that 
of  the  fuel  oil  which  is  regularly  used  by  the  burner.  This  may  be 
achieved  by  adjusting  the  temperature  of  the  blend.  The  temperature 
variation  of  viscosity  of  typical  fuel  oils  may  be  obtained  by  using  the 
"Viscosity-Temperature  Charts  for  Liquid  Petroleum  Products"  recommended 
in  ASTM  D-341.  Combining  this  and  Figure  5,  a  working  chart  is  proposed 
for  determining  the  approximate  operating  temperature  of  fuel  oil  blends 
This  chart  is  shown  in  Figure  9. 

Figure  9  consists  of  two  separate  graphs:  the  one  on  the  left  is 
used  to  determine  the  viscosity  of  a  blend  of  two  oils  of  different 
viscosities  (all  in  SUS  at  100°F)  and  the  one  on  the  right  gives  the 
temperature  variation  of  viscosity  for  oils  whose  viscosities  at  100°F 
are  known.  The  use  of  these  graphs  is  illustrated  in  the  following 
example. 


EXAMFTE 

A  burner  is  designed  for  burning  a  type  of  heavy  fuel  oil 
having  viscosity  of  1,000  SUS  at  100°F.  This  oil  is  heated  to 
180°F  to  achieve  satisfactory  firing.  A  light  waste  oil  on 
hand,  which  has  a  viscosity  of  50  SUS  at  100°F,  will  be 


blended  into  the  heavy  fuel  oil  to  supplement  the  boiler  fuel. 
In  order  to  fully  utilize  this  light  waste  oil,  its  concen¬ 
tration  in  the  blend  is  determined  to  be  30%.  What  is  the 
satisfactory  operating  temperature  of  this  blend? 

From  the  right-hand  side  graph  of  Figure  9,  along  the 
line  labeled  1,000  SUS,  we  find  that  the  viscosity  of  this  oil 
at  180°F  is  115  SUS.  From  the  left-hand  side  graph,  the 
viscosity  of  a  blend  of  30%  waste  oil  is  approximately  300 
SUS.  Again  on  the  right-hand  side  of  the  graph,  along  the 
line  labeled  300  SUS,  we  find  that  to  attain  115  SUS  the  oil 
should  be  heated  to  135°F.  This  is  shown  in  the  graphical 
construction. 


CONCLUSIONS 

1.  Significant  quantities  of  waste  oils  are  routinely  generated  Navywide. 
Of  all  the  waste  oils  the  Navy  generates,  greater  than  96%  may  be  regarded 
as  potential  boiler  fuels. 

2.  Between  4.9%  and  12.8%  of  the  total  Navy  requirements  for  natural 
gas,  liquefied  petroleum  gases,  and  fuel  oils  may  be  met  by  use  of  the 
Navy-generated  waste  oils.  Based  on  the  FY-77  Navywide  average  cost  of 
fuel  oils,  this  means  an  annual  fuel  bill  reduction  of  $8.7M/yr  to 

$22 . 7M/y r . 

3.  Navy  waste  oils  may  be  successfully  fired  in  boilers  by  blending 
them  into  regular  fuel  oils  at  concentrations  up  to  100%  if  the  waste 
oil  is  reasonably  free  of  water  and  solid  contaminants. 

4.  No  special  modificaton  to  burner  equipment  is  required  to  fire  waste 
oil  blends.  Minor  adjustments  are  sometimes  necessary,  however,  to 
correct  unstable  combustion  and  smoke  emissions.  These  adjustments  may 
be  considered  a  routine  part  of  boiler  operations. 

5.  Straight  used  lubricating  oils  may  be  satisfactorily  fired.  Because 
of  the  relatively  high  ash  content  (approximately  2%,  usually  from  the 
noncombustible  additives  in  the  oil),  long-term  firing  of  straight  used 
lubricating  oils  may  result  in  extra  maintenance  requirements  or  effi¬ 
ciency  degradation  due  to  ash  accumulations  on  heat  transfer  surfaces 
(although  the  type  of  ash  observed  so  far  was  loose  and  could  be  blown 
off  easily) . 

6.  Other  than  relatively  high  ash  accumulation  when  firing  blends  of 
high  concentrations  of  used  lubricating  oil,  no  apparent  emission  problem 
was  encountered.  Therefore,  no  special  provisions  will  be  required  to 
monitor  the  stack  gases.  In  order  to  insure  efficient  boiler  opera¬ 
tions,  oxygen  may  be  the  only  critical  item  for  stack  gas  monitoring. 


7.  Viscosity  appears  to  affect  burner  operations  t fie  most  in  both  flow 
rate  and  spray  pattern.  To  minimize  such  effects,  the  viscosity  of  a 
blend  should  be  maintained  as  closely  as  possible  to  that  of  the  regular 
fuel  oil.  This  may  be  achieved  by  adjusting  oil  temperature  (especially 
when  heavy  oils  are  fired). 

8.  Unstable  combustion  may  be  encountered  in  burning  ship's  waste  oils. 
Since  the  majority  of  the  Navy  waste  oils  is  ship’s  waste  oil,  further 
testing  will  be  required  in  order  to  successfully  utilize  this  energy 
resource . 


RECOMMENDATIONS 

Short-term  test  results  reported  here  on  batch  blended,  homogeneous 
waste  oil/fuel  oil  mixtures  show  that  they  are  substantially  the  same  as 
regular  fuel  oils.  No  special  modification  to  burner  equipment  is 
needed  although  minor  adjustments  are  sometimes  necessary  to  achieve 
efficient  combustion.  In  view  of  the  large  quantities  of  waste  oils  the 
Navy  generates,  tests  in  in-service  boilers  must  be  conducted  to  deter¬ 
mine  any  long-term  effects  to  boiler  equipment.  The  results  will  enable 
the  development  of  guidelines  to  effectively  utilize  this  energy  resource 

Schemes  other  than  batch  blending  must  also  be  investigated. 

At  present,  two  locations  are  recommended  for  conducting  these  tests 

(1)  Naval  Weapons  Center,  China  Lake.  Boilers  use  heavy  fuel 
oil  (no.  6)  as  the  primary  fuel.  NWC  has  an  estimated 
potential  of  generating  2,500  gal/mo  of  lightweight  waste 
oils.  This  location  is  ideal  for  testing  lightweight 
waste  oil  blended  into  heavy  fuel  oil.  An  in-line  blend¬ 
ing  scheme  can  be  examined  during  these  tests. 

(2)  Naval  Air  Station,  Miramar.  Boilers  use  light  fuel  oil 
(no.  2  or  diesel)  as  the  primary  fuel.  The  nearby  San 
Diego  Naval  Station  generates  approximately  2xl06  gal/yr 
of  light  waste  oils  recovered  from  ship’s  oily  waste  which 
is  more  than  enough  to  supply  the  total  fuel  requirements 
of  the  Station.  This  location  is  ideal  for  testing  ship 
waste  oils.  Because  of  the  nature  of  the  facility  and  the 
availability  of  the  oils,  burning  tests  of  straight  ship 
waste  oils  can  be  conducted  here. 

During  the  tests  at  the  above  two  locations,  in  addition  to  fuel 
properties  and  combustion  characteristics,  fuel  storage  and  handling 
requirements  will  also  be  investigated. 
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Table  1.  Waste  Oil  Generation  (gal/yr)  at  Seven  Navy  Areas  (Estimates  for  After  1975,  Refs 


Fuel,  grease,  solvent,  detergent,  and  others. 
^Avgas,  Mogas,  JP-4  (flash  point  <140°F). 

JP-5,  kerosenes,  DFM  (flash  point  >140°F). 


aste  Oil  Generation  (gal/yr)  at  Seventeen  Navy  Bases  (Estimates  for  1980,  Refs  18-3 


NB  &  NAS  Guantanamo  45.130  44,500  -  105,730  66,230  -  200  261,790 

Bay,  Cuba 


Table  2.  Continued 


Table  3.  Summary  of  Data  on  Waste  Oil  Generations  by 
Navy  Sfiore  Facilities 


Ty(>e 

Waste  Oil  Generations  (gal/yrj 

He  rcent 
ol 

Tot  a  1 

7  Areas 
(Table  1) 

1 7  Bases 
(Table  2) 

Tot  a  1 

Light  Waste  Oi 1 s 

Bilge  and  Ba 1  last 
High  Flash 

Subtota 1 

19,399,500 

522,350 

2,227,220 

877,570 

21  ,626,720 

1  ,399,920 

86.84 

19,921,850 

3,104,790 

23,026,640 

Heavy  Waste  Oils 

Transport  and  Shop 
Tank  Cleanings 
Turbine  Drainings 

Subtota 1 

1,372,200 

442,700 

134,600 

1  ,949,500 

270,100 

232,600 

22,690 

525,390 

1 ,642,300 
675,300 
157,290 

2,474,890 

9.33 

Low  Flash  Materials 

Low  Flash  Fuels 
Solvents 

Subtota 1 

204,850 

366,300 

571 , 150 

419,140 

24,900 

444,040 

623,990 

391,200 

1 ,015,190 

3.82 

TOTAL 

22,442,500 

4,074,220 

26,516,720 

99.99 

Table  4. 


Compa  r i son 


of  GI.Oa 


Consumpl  ;  oils  and  Waste  Oil 


General  ions 


Locat i on 

Waste  Oil  Generation 

CLO 

MBtu/FY- 77 

Waste  Oil 
GLO 
(%) 

gal/yr 

MBtu/yr1’ 

Seven  Areas 

San  Diego 

1 ,778,500 

241 ,367 

2, 136,036 

11.30 

Norfo 1 k 

5, 5! A, 000 

748,325 

5,594,322 

13.38 

Pearl  Harbor 

8 , 080 , 300 

1  ,007,831 

842,388 

130.3 

Puget  Sound 

309,200 

54,179 

2, 129,328 

2.55 

Charleston 

1 ,077,000 

200,452 

1,036, 1  16 

19.34 

Jacksonvi 1 le/Mayport 

2 ,446 , 100 

331 ,968 

1 ,715,652 

19.35 

Los  Angeles/ Long  Beach 

2,738,400 

371 ,640 

1 ,015,752 

36.58 

Subtota 1 

22,442,500 

3,045,762 

14,470,494 

21 .05C 

Seventeen 

Bases 

Sub  Base,  New  London,  CT 

124,000 

16,826 

1 ,884,468 

0.89 

NAS  Brunswick,  ME 

40,000 

5,426 

438,780 

1  .24 

NSY ,  Kittery,  ME 

102,800 

13,954 

20,334 

68.62 

NSY ,  Philadelphia,  PA 

340,900 

46,267 

3,760,674 

1  .24 

NS,  Roosevelt  Roads, 

343,560 

46 , 626 

35,484 

131.4 

Puerto  Rico 

NAS,  Pensacola,  FL 

524,580 

71,193 

2,882,646 

2.47 

NAS,  Bermuda 

543,000 

73,695 

365,112 

20.19 

NAS,  Adak,  AK 

152,830 

20,742 

1 ,124,742 

1.84 

NCBC,  Port  Hueneme,  CA 

36,450 

4,948 

262,134 

1 .89 

NATC,  Patuxent  River,  MD 

44 , 400 

6,025 

55,014 

1.45 

NB  and  NAS,  Guantanamo 

261,790 

35,528 

2,012,220 

1  .  77 

Bay,  Cuba 

Naval  Activities,  Italy 

26,070 

3,540 

65,424 

5.42 

Naval  Support  Activity, 

317,590 

43,103 

49,002 

87.96 

Athens,  Greece 

Naval  Activities,  Spain 

619,290 

84,047 

81,708 

102.9 

Naval  Activities, 

424,620 

57,627 

0 

- 

Canal  Zone 

Nava  1  Air  Facility, 

137,100 

18,605 

460,104 

4.05 

Atsugi ,  Japan 

NS,  Midway  Island 

35,240 

4,782 

238,248 

2.00 

Subtota 1 

4,074,220 

552,934 

13,736,094 

4.03C 

TOTAL 

26,516,720 

3,508,696 

28,206,588 

12. 76C 

aTotal  consumption  of  natural  gas,  liquefied  petroleum  gases,  fuel 
oils. 


^Assumed  135,700  Btu/gal  for  waste  oils  (-  98%  of  the  standard  heat¬ 
ing  value  of  distillate  fuels). 

CAverage . 
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Table  6.  Waste  Oil  Generations  Ashore 


Locat ion 

GLOa  Consumptions^ 

Waste  0 i 1 
General  ion 
(MBtu) 

Waste  Oi 1/GLO 
(%) 

Worth1 
( $M) 

MBtu 

X 

7  Areas  ^nd 

17  Bases 

28,206,588 

38.3 

3,598,696 

12.8 

8.7 

Navywide6 

73,592,936 

100.0 

3 . 6x 106 

4.9 

8.7 

9 . 4x 106 

12.8 

22.7 

dGLO  =  sum  of  natural  gas,  liquefied  petroleum  gases,  and  fuel 
oils. 

^Consumptions  are  extracted  from  DEIS-II  file  for  FY-77. 

C5.7xl06  Btu/bbl  is  assumed  for  waste  oils  and  $2.42/MBtu  is  used 
to  compute  the  worth  of  the  oils. 

^Actual  data  gathered. 

0 

Last  three  columns  represent  lower  and  upper  limits  as  estimated. 
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ble  7.  Ship  Waste  Oils  Generated  and  Sold  to  Contractor  from 
San  Diego  Naval  Station 


Month 

FY-773 

FY-783 

October 

108,534 

83,276 

November 

81,678 

67,095 

December 

177,616 

36,416 

January 

45,263 

214,969 

February 

65,560 

304,872 

March 

144,929 

108,958 

April 

162,303 

132,964 

May 

46,488 

222,220 

June 

85,444 

190,403 

July 

193,038 

321,942 

August 

71,065 

128,244 

September 

104,311 

267,905 

Total,  gal 

1 ,286,229 

2,079,264 

Energy  Content,  MBtu 

174,560 

282,186 

Estimated  Worth,  $ 

532,407 

860,667 

Variations  between  months  reflect  a  combination  of 
seasonal  changes  and  the  availability  of  the  con¬ 
tractor  to  haul  the  oils. 

^Estimated  worth  is  based  on  $3.05/MBtu  for  fuel 
oils  paid  by  Miramar  NAS  during  FY-77  and  an  esti¬ 
mated  heating  value  of  5./  MBtu/bbl  for  the  waste 
oil. 
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Table  8.  Economic  Analysis 


Items  Affecting  Economics 

FY-77 

FY-78 

1.  Energy  consumed  by  MNAS,  MBtu 

242,998 

266,353 

2.  Fuel  bills  paid  by  MNAS,  $ 

725,839 

510,49) 

3.  Waste  oil  generated  at  SDNS,  MBtu 

174,560 

282,186 

4.  Received  from  oil  sales  to  contractor,  $ 

285,543 

524,789 

5. 3  Waste  oil  deficiency  (line  1  -  line  3),  MB 

68,438 

-0- 

6.  Cost  of  interruptible  natural  gas  to  sup¬ 
plement  waste  oils  ($2. 65/MB  x  line  5),  $ 

181 ,361 

-0- 

7.  Transportation  cost  of  waste  oil  from  SDNS 
to  MNAS  (7.37C/MBtub  x  lines  3  or  1),  $ 

12,865 

19,630 

8.  Savings  to  MNAS  realizable  (line  2  - 
line  6  -  1 ine  7 ) ,  $ 

531 ,613 

490,861 

9.  Net  savings  to  Navy  (line  8  -  line  4),  $ 

246,070 

c 

Calculations  for  items  5  through  9  are  based  on  use  of  waste  oils 
up  to  the  actual  energy  requirements  given  in  line  1. 

IC/ga 1 . 

To  avoid  unnecessary  confusions,  the  figure  is  not  entered  here. 
See  text  for  explanations. 


Calcium,  ppm  12  <0.2  6700 


Suiranary  of  Boiler  Tests  of  Waste  Oil  Blends  by  Contractor  (see 
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Table  12.  Continued 


Measured  at  100°F  or  37.8°C. 
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ghtoff  OK  and  stable  burn  was  usually  achieved  except  where  noted. 


•m  hunting  of  waste  oil  with  no. 
Rating  oil,  SWO  ship's  waste  o 
a  ted  J  P-5  ). 


Viscosit  \ .  SI'S  .u  1 0U 


ing  system  for  the  CK1.  200-hp  water  tube  boiler  test  facility  (schematic). 
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Dit .  1 1  Hem i.  Madrid.  Spain:  ( (ICC  t  Knott  lion).  Kaneohe.  HI;  Old  .  Southwest  Pac.  Manila.  PI .  ( )ICC  ROICC. 
Balboa  Canal  /one.  ROICC  AC  Guam:  ROICC.  Keflatik.  Ireland:  ROICC.  Paeifie.  San  Biunot  A 
NAVHOSP  1 .1  R.  Clxbernd.  Puerto  Rieo 
NAV VI AG  SCIi.  Guam 

NAVNHPW  RC  Ml  SC  DC  I  Code  N I’ll  40  Port  Hueneme.  CA 

N  AV(K'C.ANSA  SCI.N  Cotie  41  San  Diego.  (  A;  (  title  41.  San  Diego.  CA:  t  otle  Q t  iHurlet).  San  Diegtv  (  A;  (  title 
(,700.  San  Diego.  (  A:  Code  X|  I  Sail  Diego.  CA.  Research  lib..  San  Diego  CA:  I  eeh  I  ibiart .  Code  447 
NAVORDSI A  PWO.  I.ouistille  KY 
NAVP1  lOH Code  40.  Alexandria  VA 
NAVI’dRI  S  Direetor.  Washington  IX 

N A VPHIHAS C  CO.  A(  B  2  Norfolk.  VA:  (  ode  S4C.  Norfolk  VA 
NAVRADRICC AC  PWO.  Kami  Seta  Japan 

NAVRCGMI  IX  I  N  (  ode  4041.  Memphis.  Millington  I  N;  PWO  Newport  Rl;  SCC  San  Diego.  CA;  SCI..  Camp 
Pendleton  CA:  SCC.  Guam:  SCC.  Oakland  CA 
NAVSCOl.CCCOCC  (  45  Port  Hueneme.  CA:  CO.  Code  C44A  Port  Hueneme.  CA 

NAVSCASYSCOM  Code  0425.  Program  Mgr.  Washington.  DC:  Code  OOC  il  l  R  MaeDougall.  Washington  DC: 

Code  SCA  ()()(  Washington.  DC 
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N.AVSLC  Code  0054  il  ihraiv).  Washington  IK 

\  WSLCGRl  AC  I  PVVO.  Adah  AK.  I’Wl).  I  d/cll  Sv.oll.uul.  PWO.  Pucilo  Rico:  PVVO.  loin  Sl.i.  Okinawa 
NAVSHIPRI  PI- AC  I  i hr., i \ .  Guam 

N.YVSHIPV  D  l  Aide  ’112.4.  I  uni;  Hc.ich  (A:  Code  202.5  i  lihiarv  i  Puget  Somul.  Krcnicrinn  W  V.  (ode  5xu.  iWoodroffi 
Norfolk.  Poi  Isinouih.  \'  A:  Code  400.  Pucci  Sound.  (Aide  400.05  I. line  Beach.  (  A.  (Aide  404  il  l  J.  Kueioi. 

Norfolk.  l“oi IMllolltll  \'  A;  (  rule  410.  Mare  Is..  Vallejo  (A:  ( Aule  440  lAn Isniomh  Nil:  (  rule  440.  Norfolk:  ( Aide 
440.  Puget  Sound.  Hrenierlon  WA:  (  ode  450.  (  h.u  lesion  S(  A  (  ode  45  5 1 C ill  Supi  I.  Valleio  (  A:  I  I)  Vivian: 
library.  Pvirlsnuuilh  Nil:  PVVDlCodc  400).  Philadelphia  PA:  PVVO.  Mare  Is..  PVVO.  Pucci  Somul:  SCI:.  Pearl 
Harbor  III 

N  A  VS  l  A  (41  Naial  Stalivin.  Mas  poi  t  II:  CO  Roosevell  Roads  P.R.  Puel  lo  Rico:  Du  Mcch  l.ngi .  (ilino:  Inei  Dii . . 
Rola  Spain;  I  '  'lie  Beach.  (A;  M.unl .  I  Ami.  Ihv ..  ( iuanl.inamo  Bay  (  Alba:  M.unl.  Dii .  Dir  (Aide  551 .  Rodman  (  anal 
/.one;  PWDll  IKi.P.M.  Moiolonich).  Puerto  Rico.  PVVO  Midway  Island:  PVVO.  (iu.intan.iino  Ba>  Cuba:  PVVO. 
Kell.  i\  ik  Iceland:  PVV  1 1.  Mai  poi  i  II  ;  ROICC  Rola  Spain:  R()IC(  A  Rvvia  Spain.  SCI-,,  (ilia  ill:  S(  I ..  San  Diego  C  A; 
SCI  .  Subic  Buy.  R.P  :  l  l il i lies  I  ngi  Oil  i.A.S.  Rilclnei.  Rola  Spain 
NVVSIBASI  I  NS  S.  Dove.  Grolon.  Cl  .  SCI  .  Pearl  llarhoi  HI 

NAVSCPPAIT  CO.  Brooklyn  NV:  CO.  Seattle  WA:  (Aide  4.  12  Marine  Corps  Disi.  Ircasure  Is..  San  l-raiicisco  C.A. 

(ode  415.  Seattle  WA;  I.IJO  Me(iariah.  SI  (A  Valleio.  (  A:  Plan  I  ngi  Div..  Naples  Italy 
NAVSl  Rl W  PN(  I  N  PVVO.  While  Oak.  Silver  Spring.  Ml) 

NAVI  I  CHIRAt  IN  SCI-..  Pensacola  11 
NAY  l  SI  AW  VRI  NOS  I  A  Key  pol  l.  WAV 

NAVVVPNCI-.N  (  ode  2Mf>  iVV  Bonner).  Chula  I  ike  CA;  PVVO  i(  ode  26).  Chula  l  ake  (  A:  ROl(  (  i(  ode  TIC).  China 
lake  (AA 

N  AV  VV  PN I  V  VI  I  AC  l  echnical  l.ibr.irv.  Albuquerque  NM 

N.AV  VVPNSI  A  tClebakl  (  oils  Neck.  NJ:  (  ode  1142.  (  oils  Neck  N  I:  (  ode  0D2.A  i( A  l  rederieksiSe.il  Beach  (AA:  M.unl. 

(  onlrol  Du  .  V  orkloivn  V  A 
N  VV  VVPNSI  A  PVV  Office  i(  ode  1)4(1 1  Yorklovvn.  V  A 
N AVVVPNS I  A  PWO.  Seal  Beach  (AA 
NAVVVPNSl  PP(  I  N  Code  114  Crane  IN 
NCBl1  4115  OKA  Sail  Diego.  (AA 
PW(  Code  42(1.  Pensacola.  I  I. 

NCUC  Cl  I.  VOl(  Port  Huenenie  (AA:  Code  Id  Davisville.  Rl;  (  ode  155.  Poll  Hueneme  (  A:  Code  1 5ft.  Pori  Hueiienie. 
(AA.  Code  25111  Poll  Huenenie.  (  A:  (  ode  401).  (mil poll  VIS:  Ni  SO  Code  251  P.R  Winier  Poll  Hueneme.  (AV; 

PVV  l.ngrg.  (iull'porl  MS:  PVVO  iCode  SO)  Port  Hueneme.  (AA:  PVVO.  Davisville  Rl 
NCBl  411  OKA  Norfolk  V  V 
NCR  20.  Commander 
NCSO  BAHRAIN  Securitv  Olfi.  Bahrain 

NMCB  5.  Operations  Dopi.:  I'oru.  CO:  I'HRI  I A  <  )pei  alums  oil 
NOAA  l  ibr.il>  Rockville.  Ml) 

NR1.  Code  K4IH)  W'ashinglon.  DC 
NSC  Code  54.1  iVVuine).  Norfolk  VA 
NSI)  SCI  .  Subic  Bay.  R.P 

N  I'C  Commander  Orlando.  I  I  :  ()IC(A  CBC-401 .  (ire.il  Lakes  II 

Nl'SC  Code  I  51  New  1 .. union.  (  I  ;  Code  l-.AI  25  i  R.S  Vliinni.  New  I  ondon  Cl;  Code  S552.  B-Sll  i  .1  VV  ileosi.  (  ode 
SB  551  l Brown).  Newport  Rl 
(XTANSYSI.AN  I  I  I  A . R .  (iiaileola.  Norfolk  VA 

OH  IO-:  SIX  Rl  I  ARY  Ol  1)1  t  I  NSI  OASI)  i  MRAvSil .)  Pentagon  1 1  l  nshcrgi.  Washington.  IK 
ONR  Code  221.  Arlington  VA:  (Aide  7001  Arlingion  VA.  Di.  A.  I. .infer.  Pasadena  (AA 
PHIBCB  I  PvVIA  Coronado.  (AA 

PM  I’C  Code  5551  IS.  Opalowskyi  Point  Vlugu.  (A;  Pal  Counsel.  Point  Vlugu  (A 

PW’C  A(l  Office  I  I.IJO  Si.  Ocrmnini  Norfolk  VA:  CO  Norfolk.  VA:  CO.  (Code  10).  Oakland.  (A:  CO.  (ire.il  I  akes 
II.:  Code  [0.  Oreat  Lakes.  II. ;  Code  1 10.  Oakland.  (AA:  Code  120.  Oakland  (AA;  Code  I2IKA  il.ibrarv  i  San  Diego. 
(AA;  Code  I  2K.  (iuam:  Code  t  54.  Great  I  .akes.  II .;  Code  201).  (ireal  Lakes  II .;  (Aide  200.  Guam:  (Aide  220  ( laklaiid. 
C.A:  (  ode  220.1.  Norfolk  VA;  (  ode  5IKA  S.m  Diego.  (AA:  (  ode  400.  (ireal  Lakes.  II  :  (  ode  400.  Oakland.  (AA: 

(Aide  400.  Pearl  Harbor.  HI:  (Aide  400.  Sail  Diego.  ( AA:  (Aide  420.  (ireal  Lakes.  II.;  (Aide  420.  Oakland.  (AA:  (Aide 
42 B  I  R.  Paseua ).  Pearl  Harbor  HI ;  (Aide  505  A  I H.  W  heeler I:  (  ode  hOO,  ( ireal  Lakes.  II.:  ( Aide  fill! .  ( kiklaild.  (  A; 
(Aide  (ill).  San  Diego  (  a:  Code  700.  Great  Lakes.  IL:  Clililies  Officer.  Guam;  XO  (Code  20)  Oakland.  (AA 
SPCC  PVVO  I  (Aide  120)  Meehaniesburg  PA 
IV.YSmcIser.  Knoxville.  lenn. 
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\  Al  PAA,  1 ,(  ode  hp  I  l  (  ciiii. i.  (  A 

l  s  Ml  K<  II  \M  M  AKINI  U  ADI  MV  kings  Pomk  NY  ,  Kept  ml  <  usiodiani 

l  s  1)1  I*  I  <l|  (  <  )\l  Ml  K(  I  NOW.  Pactlie  M..MIK-  (  ctilci  .  Sc., Ilk-  AA  A 

l  S  1,1  Ol  <  >(||<  \l  SI  RVl.'i  oil.  Marine  Gcologs .  Puclcki.  Keslon  \  A 

l  S  \l  kick  S.  Spencer .  sli mtrton .  IK 

ISAl  Kl  GION  Al  IIOSPIl  Al  1  .in child  AIR.  AAA 

l  SI  ( i  1 1 1  I  t  A  i  AA  aslungton  lie.  I  Smith i.  AA  ashington.  IK 

l  SI  l ,  k.N  DO  Nil  R  I).  Mol  he  i  was  .  ( irolon  C  1  .  I  cell  Du  .  ( n  oton.  (  T 

l  SDA  I  ol  CM  Products  I  ab.  M.i.licon  U  I .  l-oicsl  Scoi.c.  Rones.  A I  In  ill. i.  ( ,A:  1  oresi  Sc,  \  io.  S.,n  Dimas.  (  A 

l  SN  A  C  h  Mech  I  nci  Ocpl  Annapolis  MO:  I  neigs  T  ns  iron  Studs  (u  p.  Annapolis.  Ml).  1  lie  ,  DiuC  AA  til 

Amiaplohs  \||);  I  in  non.  Plot.  R.NI)  Ihog.  rJ.  AAilli.misk  Annapolis  Ml):  Occ.ni  Sis.  lug  Pcpi  il)r  Alonncsi 
Annapolis.  Ml):  PWD  Ingr.  Pis.  (C.  Bradford)  Annapolis  Ml).  PW<)  Annapolis  Ml) 

ARIZON  A  Stale  P.nergs  Programs  Oil..  PhocniA  A/ 

AA  Al.ON  NIL  NIC  1PAI  IIOSPI  l  Al  Asalon.  I  A 

HONNI  All  1  |  POAVI  R  ADMIN  Pol  Hand  OR  i  l  lnergs  Cousin  Off..  I)  Oases i 

UROOKHAVI  N  NAM.  1  AH  M  Slcmhcig.  I  pton  NA 

(  Al  IIORNI  A  S I  All  l  NIA  I  RSI  IVIONIi  HI  AC  II.  (  A  i(  HI  I  AP.A  III 

(  Ol  l  MRI  A-PRI  SBY  I  I  RIAN  Ml  I)  Cl  N  1  I  R  Non  A  oik.  NA 

(  i  IRNI  I  I  l  NIA  I  RSI  I  A  llhaca  NA  iScuals  Ocpl.  I  ngi  I  ib  i 

DAM  I  s  cV  MOOR!  I.IHR  ARA  I  DS  A N C  ■  I  I  I  S.  I  A 

I  I.ORIDA  All  .ASPIC  l  NIA  I  RSI  I  A  Hoca  Raton.  I  I  i McAllister) 

I  I  OKID.A  II  (  HNOI  OC.IC  Al  l  NIA  I  RSI  I  A  OKI  ANDO.  I  I  i MAR  I  M AN i 
I  ORI  si  INS  I  1  OR  (K  I  AN  nN  Mol  N  I  AIN  (  arson  Cite  NA'  i  Similes  •  I  ihraiN  i 
(III  .N  P  NPKf  .A  Ol'k K  I.  (II  ARM  SION.  AAA 

H  AAA  All  SI  All  1)1  PI  Ol  PI.  AN.  nN  i  con  01  A  Honolulu  111  i  lech  Into  C  ti  i 
INI)I  AN  A  p  NP.RGA  Oil  1(  I  I  nci'gs  Group.  Indianapolis.  IN 
AAOODS  HOI  . I  <>(  p  ANOGRAPHIC  INS  I  .  Woods  Hole  M  A  lAA  ingeli 
kl  I  Nl  SI  All  COI  I  Mil  Keene  Nil  i<  immnghanu 

I  I  HIGH  l  NIA  I  RSI  I  A  HIIHI  I  HI  M.  PA  i  MARINI  0,|  ()  II  (  HNK  Al  I  AH  KIC  II  AROSi.  Bethlehem  PA 
(I  iiidernian  t.ifr.  No.  h).  Heeksleineo 

l  IBKAKYOI  CONGRI-SS  WASHING  I'ON.  DC  ISC  II  N(  I  S  X  II  CH  01 V  i 

I  Ol  IS!  ANA  DIV  N  All  RAI  RPSOIKCPS  A:  INPRGY  Ocpl.  of  Conservation.  Baton  Rouge  I  A 

At  AIN  1  Ol  11(1,01  I  Nl  RGA  RliSOL  Rl  P  S  Augusta.  Ml 

MICHIGAN  II  (  HNOI.OGK  Al.  I  NIA  I  RSI  I  A  Houglnori.  Ml  illaasi 

MISSOl  Kl  I  Nl  RGA  AG  PNC  A'  lei  lei  soil  (in  MO 

Mil  Cambridge  MAlKm  10-500.  lech.  Repot  is.  I  ngr.  I  ib.i.  Cambridge.  M  A  i  liar Ionian) 

MON  I  AN  A  I  N|  RGA  ( >1  11(1  Anderson.  Helena.  M  I 

NA  I  I  ACADIMY  Ol  PNG.  Al  l  X.ANORI.A.  A  A  (SI  ARl  I  .  IR  r 

Nl  AA  HAMPSHIRI.  Concord.  Nil.  (Governor's  Council  On  I  norgs  i 

Nl  W  MI.XK  O  SOI  AR  I  NI. RGA  (NSI .  I)i  /.sstbel  I. as  Cruces  NM 

NA  l  II  A  ( OMMl  Nil  A  (Oil  Mil  BROOKI  AN.  NA  ,1  IHRARA  I 

NA  S  I  NI  RGA  Ol  I  K  I  labials.  Albans  NA 

POI.I. I  IION  ABA  IT!  Ml  Nl  ASSOC.  Graham 

IT  RDl'l  L  NIA  I  RSI  I  A  I  alaselle.  IN  i.Allsehaellli:  I  alaselte.  IN  KT.  I  ngr.  I  ibi 
( ONNI.l  IK  l'  I  Hanford  Cl  ll)epl  of  Plan.  X  I  nergs  Polks ) 

SI  KIPPS  INS  II 1L 'll-:  Of  OCI  ANOGRAPHA  I  A  JOI.I.A.  (  A  r  ADAMS) 

SI  A  I  1 1.1.  I  Prof  Schssaegler  Seattle  AVA 

SI  ANI  ORI)  l  NIA  I  RSI  I  A  I  ngr  I  ib.  Stanford  (  A 

SI  All  (NIA  Ol  Nl  AA  YORK  Poll  Schmid.  NA'  I  l.oiigohardn 

IPX  AS  AiN M  l  Nl V!  RSI  I  A  W  H  I  edbeiler  College  Slalion.  I  X 

l  NIVI  RSI  I 'Y  OP  (  AI.IPORNIA  DAVIS.  (  A  K  I  OIPI.  I  AVI  OKi.  p:  nergs  P.ngineer.  Das  is  CA:  I.IVPRMORl 
(All  AAV  Rl  Nil  1  IVIKMORI  I  AH.  lOKAK/i:  I  a  Jolla  (  A  I  Acq  Ocpl.  lab.  (  -H75A|:  Vice  Presidenl. 
Herkeles .  ( *  A 

l  Nl  VI  RS|  I  A  IIP  Ol  I  AAV  ARP.  Nessai  k.  1)1  l  IVpl  ol  (is  H  I  iigmccruig.  (  hesson) 
l  NIVPRSI I  A  OP  HAWAII  IIONOI  III.  HI  i  SC  If  NIP  AND  I  I  CH  DIV.) 

I  NIA  I  RSI  I  A  OP  II  I  INOIS  l  KHAN  A.  II  il  IHRARA  )  l  RH  AN  A.  II  iNI  WM.ARKl 

I  NIV  I  RSI  I  A  Ol  MASSAC 'III  SI  I  IS  i  llcroncimisi.  Amherst  M  A  (  I  Ocpl 

l  NIA  I  KSI  I  A  Ol  NPHKASKAT  INCO!  N  I  iikoIii  Nl  iRoss  ke  Shell  Pi  on 


ISIAIKNIIAOI  I  I  X  \S  liisi .  M.  ii  i  nc  Si.  i  1 1  i  .11  \  i  ISm  i  \i  k.uie.ie  I  \ 
l  SIM  Rsl  I  A  III  II  \  \S  A  I  \l  SI  IS  \l  si  IN  IS  I  1 1  <  )\l  l*S(  )S  i 

ISIUKSlh  HI  U  ASIIISlilOS  i  III  -  111.  I)  (  .HN.M1I  Scaiile.  W  \.  Depl  ol  (  ml  I  nei  i  I  >■  Al.mocki  .  Seultle  M  A. 

Sc.  idle  AA  AH  lined).  Seallle.  W  A  I  lancpoi  l.ili*»n  (  oiled  lie  lu*n  tki  Ceom  Do 
l  SIM  RSI  I  A  III  UIS(  ONSIN  AliHc.mkec  W  I  i(  ir  ol  (ue.u  I  ..kec  Suulieci 
l  Rs  Kl  SI  AR(  II  CO  I  I  HR  ARA  S AS  M  A  1 1  ( )  (  % 

AIKOINI  \  INSI.  OC  AIARINI  SCI.  (ilouccctei  I’oiiii  A  A  ,1  ihr.nc  i 
ARA  IlHiK  SSI  ( >1  S  Nl  1*1  A.  AA  \ 

\  1 1  AN  III  Kl(  HI  II  I  I)  CO  I)  \l  I  AS.  I  \  (SMI  I  Hi 
B  A( i(  iS  ASSOC  He. mil'll.  SC 

HI  (II 1 1  I  (OKI*  SAN  I  RANCISCO.  (  AiPIfllPSi 
HI  I  (ill  A!  II  \l  (  ( IS,  S.V  .  ( iciu 

HR1IISII  I  MH  \ss\  Sc  i  *S  lech.  IVpi  il  Me  Aiilee  i  AA .ichiiiutou  l)( 

KRoAANM  SI  I  ASS.  I  I  1  I  Al  S.umdeie  AA.ilnul  Creek.  (  \ 

HROAANeXROOl  lloudon  IXil)  AA.udl 

(  AS  SI  J  S  S  **\.i  Sei'li.t  Reel*  I  omul.  (  oip  l).ii immilh.  Nov.*  Sci'Ii.i.  Sui\e\**i.  Nenmueei  .S  (  heneceil  Inc  . 

Aloniie.d.  I  i.oie  Alnl  Oil  Pipe  I  one  (  oip  Cmcnii'ei.  IK  Canada 
(  HI  Ml  I )  (  ( IR1*  1  .ike  /niiv  h  II  i  Oe.u  hut  n  Che  ill.  I)u  I  ih.  i 
Cl >1  l  Mill  Mil  I  I  I  R  WSMISSIOS  (  o  IIOl  SIOS.  I  X  ,1  S(,.  I  III  i 
1)1  SK.S  SI  RM(  I  s  Heck.  Ycimn.t.  (  A 
1)11  I  I  Si  HI  Ml  I’Rl  (  \S  I  I  Melt. ile.  Honolulu  HI 
DISH  |)IV  ISO  (  I  S  II  R  Dec. urn.  (.A 
1)1  Rl  M  II.  O  SI  \l  IISKISScS  ASSOC  Columbia  SC 

I  OKI).  ICM  OS  A  |)\MS  ISl  Se*i  Aoikil  iN.ua  I 
(.RIMMAS  MRosl'MI  (  oRI*  Helhpaee  S'*  i  lech.  Info.  Cm 
IIOSI  MUII.ISl  Minneopolic  MS  iReMclenli.il  1  nur  I  ah  i 

M  \K  IKK  I  Ml  SliKSli  ISl  k.ulu.i.  HI 
VIA  I  Kl  (  OS  i  kikl.iiul  (  \  i  llavoi 

Ml  DOS  SI  I  XlRl  R  \l  I  (I)  Depl  'III  iR  II  I  .11111.1111.  Si  Conic  MO 
MI  III  RM til  I  A  (  il  Dump  l)iw*ii>u.  H.inei.  I  , A 
MIDI  AND  ROSS  CHRP  lill  IDO.  OH  iRISKI  Ri 

NCAA  If  IK  I  Nl  AAS  SHII’HI  DO  \  DRYDOCk  CO  Spec  port  Newc  VA  i  leeh  lib) 

I’M  II  l(  SI  SR  1 S I  I  I  (  II Sol  (HD  I  one  He.ich.  (  A  iAAoiuici  i 

l*i  |R  1 1  \Slll  I  Ml  S|  ASSOC  Skdklt  .  II  !( OKI  I  V  SkOkll  .  II  ikl  ICOCRi.  Skokie  II  i R-ch  *S  Ik*  I  .,b. 

I  ib,  i 

HAS  MdSDISI  I  RS  NIKIS  \l  ISO  I  (,.|le  Soillech  Depl.  I*ennv, liken.  SJ 
SSI  I  I)  si  KM(  1  s  ISl  A  I’.iiion.  I’uniclenee  RI 

SANDIA  I  \HI>R\10RII  S  Albuquerque.  NMiAonmuni.  I  ibiurc  Du  .  I  oertnore  (  A 

SCH l  I*  M  k  \SSOl  SO  NORU  Al  k.  Cl  i SI  III  I’  M  kl 
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